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An Algorithm for Concept Identification Using Decision Trees

KouicHI TANIGAKI,t HIROKAZU MASATAKIH*
and YOSHINORI SAGISAKAt

This paper proposes an efficient decision tree algorithm to identify the semantic content
in an utterance, represented in a formal language such as interlingua. Semantic content in
utterance (concept) is represented as a certain combination of terms predefined. Possible com-
binations of those terms are also predefined. The proposed method employs a set of decision
trees, each of which infer the existence of a certain term in the utterance, while examining the
existence of other terms with its referential links on the nodes. Moreover, an algorithm is pro-
posed to drive those trees under a dynamic ordering scheme. With this algorithm we obtained
the optimal combination of terms for given utterance, for certain predefined combinations.
Experimental results showed 11% reduction in error rate, compared to the traditional method
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which employs mutually independent decision trees.
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2.1 Dialogue Act

COPHEETRBEENLLES “Dialogue Act”
(UF, DA) &ips,

DA, ZRAZIBIFEL CEHENS. BEOHS
A7, RITEFEOTTF A4 ThHY, Thidid,
FTIVEA - TR, By 7 —oMee, KEFED
Med, EXEgEnTws. DA, ThoHTF %
AV IEBNWT, ¥R 7ERICEEBRET 2 HRO5:E
T HEIZREI SN TB Y, DA BRI VEESIIR
biwv (F—FN—ZHTiE, 9 L72REII “no-
tag” A5 shTBY, 5ED *Ffﬁ%%ﬁ’(‘ti BHL T
w5).

¥/, DA, ZOEKREHBME L T “Semantic
Dialogue Unit” (LAF, SDU) (IR, BBEhEX
HUOBMEREL TWAH. Lzd>T, DA YT
LITDOREEEL 13 1LICHIGL v, BWREFIIEE
D SDU ILZEsh, 2nEho SDU 25 DA D
TRz TbN S, 12720, ABTIEREFEH»S SDUAN
DOHEIH/D R V. LT T, ERiC SDU C/E &
NI RFEDOANEIRET 5. FICHL 2 VRY,
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Table 1 Example of DA representation.

B the week of twelfth we have both singles
and doubles available

Speech act | give-information

Concept availability+room

Argument |room-type=(single & double),
time=(week, md12)

bt and I already have a room reserved there
from the eighth through the sizteenth
Speech act | give-information

Concept reservation4-features+room

Argument |time=(start-time=md8, end-time=md16)
EaE so I wonder if I can change my reservation
to that from the queen to the double
Speech act | request-action

Concept change+reservation+features+room
Argument |change-from=(bed-type=queen),
change-to=(bed-type=double)

Rah when do you plan on arriving in pittsburgh
Speech act | request-information
Concept temporal4-arrival

Argument |location=pittsburgh,
time=question

£l and the carnegie science center is showing
a great movie called stormchasers on their
omnimax screen

Speech act | give-information

Concept features+event

Argument |location=carnegie.science_center,
event=stormchasers,

event-type=(movie, omnimax)

2.2 DA DEREF

R1ICDAIZXBORIAGERT. 415y
BORGVEROEEETH S, DA TIXXE#, Speech
act, Concept, Argument ® 3 DDERE,SFKEHT 5.

Speech act i3, FEOEHERTH 1, 555 (SDU)
PEANTHEHEABICHTI2HEOREY ET.
F101FEOHTIX, Speech act & L T “give-
information” #5 %2 b Tw5%, B, Speech act
ELTR A BEFERIN TV,

Concept i, 558 (SDU) Ok % 28a%, B

| DBESER concept DAY TEET B, UTAFT

i, BAOBMESEZEDZ L% [concept | &IFLY, —F,

concept DHERIZ L Y RHSNERFOWMENZ & %
[ #A~ concept] F721% [Concept] LR L &L,
FEERCRILTHVA, 22, #F101FEHD
BlZBWT, #AEY concept it “availability+room”
THh, THhEMEET S concept i3 “availability” &
“room” T& 5. IAE, concept iI 85 FENERZ SN
Twa., 2095, 5 BOERT -5 ICHET 3 43
BERO) AN 22 IR

Argument i3, A7 VOBRKLEHEEK, i
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V3572, Speech act ®° Concept TIIRIHIN 2 VEE
7% 1E3% , argument-name 0 argument-value
HLT, B, ZhooBETCL2/BETRE
T5. K10 1FBOHUBVT, “room-type” &
“time” A% argument-name T& 1), “single”, “dou-
ble”, “week”, “md12” %% argument-value T& 5.
argument-name (&, I 81 MENFEREIN TS,

2.3 #HEEHH

BIEiTIE, DA %%, Speech act, Concept, Argu-
ment D 3DV NUPLERHASIN D Z L 2l

REL, Iho DRROEBELEEENFINTY
Abi Tl vy, Speech act & Concept, $ 5\,
concept DT ZBAETIERLL TEZ OB,
COMAEERIL, RIICFO—WERT IO, B
BWZYAMELTEZONS. EH T Ak Speech
act ThhH, TRICHAADLE LI LHFWEEL Con-
cept N T AZRL TWA, concept D THER R
b, COEDENT LAIHFETSODICHES
nb (F, TITRREEVY, £33 OHEE

TE AT 2 5 CRE
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xtis L TR T EE% argument-name DREHLFFEL ,
& 512, % argument-name {ZXF L T b H YT RER
argument-value DRENBFET 5).
COMEERIMIZ, EICXERICAVST YTV —
MEEOFEEZZERL CTHESW 200 THS. M
BRDEHE DO IE, ¥ A7 LEERZ A PR
IhTwa, 72k ziE, “availability” X [ (H B3
) FHATEEM] 2 BT 5 concept ThH A, 2D
“availability” i¥, “room” % “transportation” & V2o
72 concept £ #&L T, “availability + room” ([ &
BOFETEM]) % “availability 4 transportation”
(Mmoo F AT ]) L v o/ MAY concept &
EB Z LD RFEN BN (K3 1~347H), —4T,[H
(%) ] “party” & DM EH “availability + party”
s Twiwv, F/o, CERLE, AEREYAL
ZVWHEAREILPLO 1D —TUTAHILT, 4
SEBOFBFHS N TWA, ki, “reservation
+ features + room” ([ 25HE*ETHHEDF
#1) v MAY concept BEHE SN TWB—AT,
“reservation + room” ([FBOFH]) XEH) A+

%2 concept D—¥ . - . -
Table 2 “concept” list. KHRELZV. JhiE, BREBOXTF Y7LV 2RiE
z DA S7% - ®
arrival availability cancellation LRICHES DLED R VIOTH S,
change checkin checkout 3R7E, Concept (#AE concept) DEL 22,344 1&
confirmation currency departure ﬁﬁ:‘%% EhTwa, ¥7- , Speech act & Concept
destination event exchange
A, S =
expiration-date fax-number features DEEETH, 132,264 BEVEHRIN TV,
flight guide help A i = =3 =
help-again hotel location 3. ﬁE\}EE_:ET )l/f’ﬁf&,_h@ﬁ%ﬁ
minimum-stay name numeral .
party payment person LT, A% TiX, Concept (#lA% concept) D&
preference price price-difference % ?E’zﬁﬂ’ﬁ t "9" 5. Ihx Speech act & @%ﬁ_%‘ﬁ’ &
by o LCHERT 52 & bTTHETHS B47, Speech act XX
stay telephone-number temporal P42 58 < ﬁ{ﬁT 5720 s g%%ﬁ-ﬁ['@@%ﬁft *H5 535
tour transportation trip EIC L CIRIEMEZSEMOGTE R 5. LidToT,
ilabilit; . IO , -
unavailability AR CTEIEDT, HEEREAA L S04 ROBEL
3 MOTCEHRO—H
Table 3 Part of combination definitions.
Speech act Concept
give-information | availability

availability +  room

availability <+  transportation

features

features + room

features +  transportation

features +  party

request-action reservation
reservation +  features + room
reservation = +  features +  transportation
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$%. ¥7, ArgumentiiB Bk Table lookup &
local parse THILTREL B2 b B720, T2 Tit®
BL 2w,

Concept #EET VORI BV TIE, LTSRN
LSREZRTHIELDVVETH A, 23 HTHRI-LD
IZ, concept I AR T 1o0EELFLE V24T
XHICRESNTBY, ZoWERLEATIER Y Y
PeLTTTIAVICEZON S, BFIIHIET A4
At concept IX, EFL v MIFINHEESEDOFT
BBELOSOVPEZOND. i, HEEL concept D
D, #E0< ¥y 7 ThY), EFY Y TITBN
T concept DKM L IKET 5 2 & IFWTII %
WeEZLN5 (33 HTREFIL EJITHBTS).

3.1 fEROBEIHIBRET L

k2o, HETWT7 70 —FI2 X A EEEBOTZE
BEBR TV, |

Kuhn 5213, Semantic Classification Trees
(SCTs) &8, —HOREAEEHH VL LT,
REEDP S SQLNOEREToTWAB, LA L, SCT
ETF— IR ABEBLURREBT L ICERT 57
FIcelFoTBY, ZAVHEE THREZHOK
FHICOVWTEZBE IR TWER W,

Pieraccini 5 %193, CHRONUS €7 L & If:.5
HMM Z BT, BEICHL Z0OFEBHES N &4
L Tw3a, ZOHMM i, BVt 28K
DREEAL TW5. REMOEBHERIZ, B~
F®D n-gram TR N, KEH» S OHEN MR,
BIRXVT L DOBFE n-gram TEREhTWa, Ly
L, SOEFIVTIR, HERRE L LEREE), &
AR DERT HE S HEEVI L, sequential i, 0, 1
WLIIHET 522 X RREZ->THBY, ZITHA
A H E§ 5 Concept DIEFICH L THETHI &
BTERWN,

Imai 533, Bok=o— 255 DEE (£4) M
ZBWT, FEREAEEFVERELTVS, EFNMIT
—HD HMM C, SFEICHIST 2 REL EHET 5.
BERE» L1, ZOFERBRTIHELBVE
FTHNTE., COFRIE, =2—AD L)L LER
BVstory & SEEEICHEL X —T - F T X 3
BREHEEZOND, LIL, RAOBBEIIRIEL W
I RBHECEND? S DHETH Y, HEEL concept
DEDOBRIL, MOBFRICHIEKET LI LA TS
Na., Lizds>T, BMICHEE  FEMOLREED
BRTH) L IZEEL VWEEION S,

3.2 HEETFIOER(L

HEFE L T2 0N B85 (SDU) 5, T

BEREAOBHMIF T ICET { BEOBSHE 1433

SHHMAY concept FHET H. Zhit, BEF»SH
B concept ~DHMFIIEL L TERILTE S,
REHOBENE W 2L L, #&% concept ¥
Ccie,...,em} &T 5. CDLE, kOHHEEYE
concept C* ZRXEWRTHDNDELTHZ LN 5,

C* = arg Zax. Pr(C|W) 1)

RO IEHLT, CREEBEF VLT A LB
BETH BT, EBRICIZF — & D X8— AR AR EH
DEWTEINT AV 5T THILIZHWL L. &
nid, 2.3 HiTH L ) ICHAY concept 13 22,344
BEIHEEL, AL TRTOMAIIHL THo%
BORET— I PBONLILPPEFTELR VDT
HB. L7=ho>T, 4D concept 123FL, TE B
LR A T A L EN S 5.

22T, A Q) KBV, Pr(C|W) 2RkEXD & >
2B L concept BN TOEF VLR FIZ LT,
N=AF— ¥ OREORI#E K 5.

Pr(C|W) = kPr(b{|W) - Pr(bS |67, W) - ...

M
=k [ Preofps, ..., b7, W)
i=1

(2)
ZIT, k REBRILEH

M
k=1/ Y [[Prefw,... 65, w)

C'edef i=1

THY, b ¥, Concept C ITIKEL 7= ¢; DB

bC _ Ci =T if c; € C
¢ c;=F otherwise

THY, TNEN [c; BRBT S| [c; BSEHUL 2\ ]
PRTDIDLTS.
3.3 BRUMEEFIOME
BOMELEEET VL LT, concept % B\
MELUTHR) HENEL NS, T4bb, concept
HMICHEFEFOREL B L, X Q) RERRDL S
ICHBEILT 52 AT E B,

M
Pr(Cw) ~ ¥ [[ Pr@¢1w) 3)

=1
K (3) &, M BED concept FRENIZHL, 5
RONTHEFEFIDS L TED concept WEHT 25
K Pr(ci=T|W) ($7:3FHL ZVHE Pr(c =
FiW)) %, #0 concept & I3 Ic kD2 = L1248
L. LaLl, 0L 2EMbETo254, M
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TICBR5 &5 2 FEI RS .

%1 OMESE, -7 -FORBKFETHS.
T T2 2.3 HiTHRR72 X 512, Concept DEHEIX,
¥ concept THE SN ABEBAROERNTELLN
5. BBARTEARE) LT, KBWIBOER
(concept) 2 X W BIFIC b &L KHATEHEW
3 XY v bAHAHKHE, BBIZXoTiE, £D concept
LFEBLOEBENRBER (DEY, concept DF—T—
F) AEEBRICZ B H AT 5.

72 21%, concept “features” X, HA LPDIR
O[5 »FTMEEFL LT, DABERBRE TN
725 L 2AICHENS [HRBOHM] “features + room”
T AESETIE, LIELIE, BEETERTEEN,
WROKE L2 ET “Dbig”, “bigger” &\ o7 HFENFZ
@ concept DF =T —F ik b. —FT, #HEAFIEY
LIy b A —FICET 2 REE T “features” &1L
fthzwvl (2D & & Concept X HIZ “payment” &
% 5), BEE Dig”id, BLPOFEETIZ A% B
ELTULIRLITHET 5. L7AToT, ThHDHFRI
concept “room” {ZHKF L 72 “features” DF —7T —F
vz s, 72, THEOES] “features + party” 12
B3 A2RECTE, ABEEZEITEFADIED, “me”,
“only”, ‘“with”, L\Viol:—RRMEHEF X -t %D
ZERHB. Thbid, “party” ISEFEL 72 “features”
DF—T—FEWVr b ZOLIEDBEBIIE
o THEHEN S concept DHIZIX, HECOF —7T—
FABBIIEFEL TRLT200%d Y, #h X B
MTEBLOBREFETAILITEL V.

%0 ORESIE, HAYHEIC LS concept DFRRL
Thb. 2.3 HTHENRZEHIZ, HAEE concept 13X
EROBEIL—VRBINTWVAE. LIZHF-T,
7ol 2 AEED [HEOHH] “features + room”
REHETHELDTH-oTH, TORFEELIFA
EEDERICH 55E, LT AH A concept 13
“availability + room” & 7% ¥, concept “features” i
pEREi s G, Tl oMz, 2k X, BEF “DI'd like
to reserve a room.” \2i%, FERFHD “features” T
ERT ARV, ZOREFEOHAEHE concept iE
“reservation + features + room” & 7% 1), “features”
PHFBENE. T, XEROT VTV =D, ¥
VTN, VAV, EwvoliEREELREELEE SN
TVBEPLTHA, THLETTIE ) REIHICLY
Z20EHUEEBEHE SN S concept 12X L, concept
HMTRBLOBRLHE TSI L IxEL V.

Z 3 L7-ME> S, concept HOMIEEZIRET 5
EFNTREBWERERIIFTE T, D concept D
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4. FEREBVEBSHTEET IV

3ETHAR X I, MASHEIIBWTI, 1D con-
cept DR ERL 2 EF VDS LETH S, KET
X, COENZHRETIMAMEETVERETS.
R (2) 2 BT B concept DERHIGM bT, ..., b7,
i, hoR~OBRBEIC X DVERSIN L.

4.1 REARDER

% concept ¢; WZxL, ¢ PREEHIIFE SN HHER
252 ARERTERTS. UTIC, #2O7VITY X
LEFHET 5.

Y, o KT A2 RFEFALEGLERT . H1
IZ, concept “availability” 233§ % BFEEF O —
Bz Ry, RESB TEML L [75A2] ORTT
Hn. BEOBMELLTE, 1) BERBEFREEPIC
BN A rEDR, 2) 5 EER HOBREFEFTIR
N BHED, 3) MO concept BHEFHIMFEIN TS
hE», O 3SEHEOBHEBVAE. BENI I A,
Ci BFEINTWED (Ci =T), E“i}‘ (ci Z-‘F), D2
7IATHD.

KT, BREFHEEGERFT AN/ —FEE
BT 5. V—hJ—FEXDEBL, £/ —FOEHE
& SICEL, R @) THEZ2MEEHRE I(c; f) »°
BRELZBEBH %, 2O/ —FOFAMLLTR
H$5 (2720, B -FTTTIZ f* 2ffioTnb
LEE, ARETHO f2ET). fF ORETZSE
L= S OWMOTHEELFNTIREETLH/-TF/ —
FEERL, F/-FOSg2&h R T, K2
ERT 5.

DA annotated corpora

Utterance Concept
the week of twelfth we have both ... availability + room
and 1 already have a room reserved ... | teservation + features + room
so I wonder if I can change ... change + reservation + features + room

"availability" samples @

Properties
words words{reg.form)  other concepts
¢ & Class
& & & & o &
YO AMCRC & ¢ &
S &S o8 fé&“’?@
ynny ny .. ¥y n nmn . T
nyyy yy ... Yy Yy ny .. F>Entropy
nynn nn y Yy Yy VY F ]

M1 “availability” BIEFHIOER
Fig.1 Sample cases for “availability”.
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Fig.2 Decision trees with mutual reference.

I(ci; f) =
- Z Pr(b|S) - logPr(b;|S)

b;

+ ) {Pr(bi, f=y|S) - logPr(bi|f =y, )
b; .
+ Pr(bi, f=n|S) - logPr(bi|f=n,S)} (4)
ZZT,
bi € {ci=T,c;=F} (5)
SEIX, KR TEDE/—F n DIy bO¥—0
BItHE H(ci|n) PBMEL T IO 2 3 THET 5. 72
L, Pr(S) i3/ —FICEET 2HETHY, 27
EHNIKT B S O TRD B,
H(ci|n) = —Pr(S) - H(cin) (6)
7EL,

H(ciln) = = Y _ Pr(bi|S) - logPr(b:|S)  (7)

b; .

RiE, EEHZ 12T 5 yes/no 7T~ 212k 52
SRELTEET S, 7720, f* &L T concept D
FEYHAVLEAL, LIS 220FIHRETS
EIDT/—FEAEKL, unknown 7— 272X 51
Y RRA. IhE, REITHRABTAMET VT Y X
LIZBVT, ¢ D concept f* IR T ICHEE
FTAHENRAZERLTBLZDTH 5.

B2k, SOT7TVTYRAMZE>THEEREESNBYE
RKO—BIZRTHIOTH 5. M, HIKEOHITHE
J=FThh, BHIV-T7/-FTHE. /=FD
B, BETAM f2RT. BETFTAID B, %
KIXFD 6% 5HDIE concept TH Y, TILERNS
%5 LDIIHERER,  THIRTWBIDIZHEE
BER, *THIN TS LD 5.1 BiTHET 58]
MBZXY, BEY Y RNVICBERL-BELFN
FNRL TS, F/z, V=7 /—-FOTOHMER,

BERERDBHIRFTT I ED C BEOREHTE 1435

J=FICBTA2EBIEED I B, concept ¢; ZHHEHS
NTVLLDDOEEFEZRLTVAS,

WREARDERIZBVT, concept 2 BME L THW
LX), ROLIHIBBEFHFETES. R @)
DHEHHRESE CEBEOR HME M 5720
2, /PRS2 ROEFPRINTRE I LD
LETHE. LIAHT, I3HTHRRLLIW, 5
concept ¢; DHEEIE, M concept ¢; DI
LTWwabZeddhsb, ZZTHL, concept BHEL
LTHEDTIC ¢ DREREERL L) & T545, &
DREARTIR, BT ¢; OFEE AL LOOREMT
AL (BEE) 2HEHAERL, LTI RLI LR
2TH5S. HHVIE, ¢; DFAEE T T<B L
BTELZNTHA ). concept ¥ BIEL LTHWSZ
&T, O concept 12T AIEHEHE CHICL A
BB AboEIEY 2 Sh, BEEO BRI &
nNosLHRFTES.

4.2 WETFLIVX L

AFHE, K (2 OBELTHY, concept DEEIT
> concept DRHICHKEFEL THELZ LN B, K (2) 1T
B} 5% concept LEDFMIERE, 2%, £D con-
cept S EICHEET 5013, BRFICSL EARBICIE
BRI EF) L TRET S, WEKT: & T; OB
N Ty = T % 8 b & &, concept ¢; D
RER ¢ WRFELTEAONS. 2721, ¢; 7WER
REHRE L TEB SN oA, 1213, ¢; DFE
HISH L TEBETEX 2 RESBLN L VIEEIE, Y
W52 5B. —FH, ¢ ODREEORIZ ¢; LMTICE 2
bbb,

UT, B8 %AWvT, #A% concept DHET IV
TYXNEFMCEHET . :

3 LRIZRT 4 DDRER T ~ Ty 1E, Th¥
1 concept ¢1 ~ cs DWELITIDDIDTH 5.
HILEOHNIZHFE / —FTHY, BHiZV—7/—F
Thb. &/ —FHEoMU2ERDOIL, /—FORE
7 A MY S yes/no 7 — 7B T 5. BEO
§3, unknown 7— 2 T3 Y, concept ¥ BT A
PETB/—FPLMHBITWS, J—FOBKICRL
[+1 85, "v—ARA9TH5B. FL—AK
A 7%, EERBHIELV -/ —FitBdhh, B
HTF AL DFERIIGECT — 2272852 LT, T
D) —=FABEINTWL., PL—ARA V) —7
J=FICHEEL L &, 2OKRIZHIET 5 concept D
WEEARTT 2. V=7 /~FDTOEED concept
DUELETHS. T1 KLV EEEN Pr(a=T)
301k %oTWw5, 722L, EBRTE, V-7I18
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Settled: T1 > T2
T T2 .

dead locked

T1>T2>T3>T4

3 BRI X AMEKTREE

Fig.3 Dynamic ordering scheme.

\F 25— 5 OBAHEER Pr(c;=T) ¥ kXN THEE
LT (=099 L L72).
Pr(ci=T)=a(Pr(ci=T) - 1/2) + 1/2 (8)

K3 BT, sMRERRE T, O/ —F25 T;
~DBBTHY, J—FH concept c; DRH%E T A
FFAILERLTWVS, COLE, DTOFr—2
BFHYIB. )T DL —AFRTLTVWIHE,
Pr(c; =T) DMEIZIEL T 1-a)~1-c) DPREME M L —
AEf7). COLE, FERT, L T; OBIZ T; - T;
DEFHITFE SN S, B3 LEOFITIEI T - T
THb. 1-a) bL, Pri=T)>1-0 %5 ¢;
EHMEIREL, yesDT—2 2L D, Zhid, ¢ ®
KEL ¢; =T DEHFERETRD S Z LITHY
5. 1-b) Pric;=T) < 0+ 0 %5 ¢; DIFEHZ
REL, noD7—2%k¥sb. Thi, c; DEER
c;=T DFEHFEHERTRDOHZ LITMET 2. 1-c)
0+0< Pr(c;=T)<1-0 %5, ¢; 3BEHETHHL
L, unknown D/XA %L BT LITED, ¢ L3
JIHETA. —H, 2)bL, T, DPL—APF
BTLTwEWES, PL—R%—BEHIEL, T; ©
P —APEDLIOEREFD.

REABED N L — R, BFNTH. 2REL, e
ABEBEVIEELAVWF Yy Oy 7 ORBICK- 72
Be (K3 LBOBITIE, T DEDASFy Fay
ZLTWw3), by HEEIZL D722 1 DBRL 72
Tie DVV—AKRA Y %% unknown 77 FD ./ —
FALBEISYE, FyFay 7L TWETRTOARD
FU—AZEHETA. COLE, T P"BBL T
K& Tje LT5E, T > Tje ONEFHITD R ENS.

Fo ROy ZECED DR T 1, Tie DFIRHED

bETYENL ML AR, FET LI L THRE
T5,. FoFavsdDRE T, €eDETh. BT I
OWT, MEMIZ T, DbV —AKA Y % % unknown
F— I DFANEBEEE, FyFoy 7L TwdxT
DRDOM L —AZBHELTAS. M3 TR, T. =T,
DETHD. To DL —ARAV ¥ 2L T T UL
HORDML —R2HHATLE, T 3V -7 ETEH
EL, COBR T KEELTWAE T3 3Y -7
ET D, T4RTRO —FIC#ELY, £ ThHOK
LH BT ROy 2V ELET S, 72, 208
BT T2~ T4 ORICH T2 - T3 > T4 % BIEFA
IR IN5.

Rt i =i BT 2YEWM L —ATHET S
TeDD/—F (J—7TEiEtbiw) nl) T
FTELE, ARTEZONB T 27y Fuy 708
HICRELZbDE LTEIRT 5. Zhid, £ concept
DEERBITPBH®RSE, ROFTyFIy IHFEL S
FTIERNMCTHELDTH 5.

T+ = arg miinZH(cﬂn;.i)) 9)
j€D

FTRTDORD L —AFRT L &, kDILHE
% concept C* IXIXRRTHLI LN 5,

M
C" =arg c{régi(fl:llPr(chi) (10)

RFEHFR (2) DELEERTA0DTHHT L,
KEHOEHETHz. L 25T, R (2) EBEITKD
BITiE, ¢ DHERZ ¢; (1<j<i—-1) DHLWEER
H/FERBEGOD L TEX LI ENLETHE. —
¥, KFETIE, ¢ OHFEORIZ (1<j<Li-1)
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DBRAORM/FEREEHEODELSLIGR TV
W (BHBvik, —8D ¢; 2ERTB). LIdoT,
COBEBUTLT L B TRTO C ITHL TIEL VWHEE
EHEZTwiw,

LaL, SRERICK (11) 0RBHEKE, T4
bb, BEXEL TEANRELEINT I LidhnE
ERRET AL E, AFEIR Q) OESBELTEL
WEEERIT) S EATTRRTH 5.

Ve Prl o8, ... b8, W) > 0+6 (11)
72721, € RIEMBOM A+ concept ¥ FT.
5. Ml X B

51 RB&EH
T4 17T CSTAR ® DA % 7 fF & HFEF ¥ A b
D=2V, REFIEIC L SHAE concept DI
EEREZTo7. 7y IIERA&FHFoFEECL T
APTHY, SDUNDGE L DA 8 7 DR EIZAF
TirbhTwhb. CMU & ETRIC X D fER &7 56
KFEEAVL. FRATZIRTRETH Y, itk
TVFRH, 774 MTFH, BAERA, KTy 7 0M
aE, EREIA TS, ERTIEIAAEIIZLY, &
TVE - NEFOBEAZRAC, B4R, BFH, 0
HEE (F]) 2BV RVTEERI TV,
AFRICL A HEDORERET 2720, £
B3 IREFH: (LT, DTdepend & EELT 5) DI,
DT 28ROk ERL AW TERET /2.
e concept = & DMV H#E (DTindep)
£ concept IZMIET 2 EHBOREARZ A VS, B
EAEOHESREBEL -2 VESREFEL
DENTH 5. Thid, R (3) DEFMLICHEY
T5.
o A concept N —EHE (DTlump)
#MAE¥ concept C * BN T 2 L HFFL /2,
TR 1o0@ERE VS, Thik, KQ) 0*E
FUALICHST 5. #ERIIARRTHT ).
C" =arg mgxPr(C’lT)

52 ERER

=512, 3 FHEIC L 2H A concept DIETEIEEL
~Y.

I’EF (DTdepend) T, 7 0—XFF A},
F—=TVTAMEBIRBOERENEBLN TS
EWFHh B (70— F T, DTindep & F%).

F=TVFAMIBWC, REFETIE, DTindep
EHBL TIEBER2.0% (BRHIKEF 11%) othEd

BBHRERDBBINEF T ED { BEBEOBMEME 1437

®a EBRF-5
Table 4 Experimental data.
su—XF =7 &7t
R (SDU) 1,497 499 1,996
AR (RULEEM%) | 729 (534) 509 (365) | 807 (589)
concept 42 36 43
H A+ concept 82 59 93

#&5 HMAY concept DIHEERE
Table 5 Accuracy for Concept (combination).

IEf#E® (%) | DTdepend DTindep DTlump
sa—XF 99.6 99.6 97.4
F—T 84.0 82.0 77.6
DTdepend : #REFHE
DTindep : HEIEARIC & 2T H%E
DTlump : H—#EKiC ks —EHE

RoN 2. MEEROBUMSL, SRIIREFET
concept DERM/FERMEEZFIHL LR TH B LEZ
b3,

DTlump T, 10 2 FHEI ) KEHIHERL
% o572, DTindep & lWEL 7288 h drERIZ, ru—
AR T ~550%, ¥ —7 T —24%THh 5. Zhit,
32HTPHRLAMAEDAN—ARADMEL FE
KRLTWwWEREEZLNR S,

53 ¥ =

AR TRET 5F1E, 1) concept & & DIEAL
B, 2) RERBOMESEEE, ©2 52 F%L T2
bOTHo/. AETIR, EBRERL ) ENFL O
REEBETS.

concept & L IZHEARE AT HH VL, 3.2 HTH
ReE I, MECD AN AR A% @RS 5 LIC
H otz REFEDTdepend B X U HEFH DTindep
1%, concept T & IZHIHEE BT 2R TH B0,
BIZLEDOY Y TV »HS R VEAE (Concept)
LT, BBFEDTIump £ ) REL 723 ENT
BTHD LRSI B,

EIT, A—=TTF—% 499 BEI S, BIIEE
7 — % DAz Concept D345 S 7 555 % B, #
DEMEEFRI:, R ICHERETT. BEMIIE
WeHBE L MBI L VWS, K6 XY, F/FT—¥
BT A MBEED 1 BRF/10 BREL EboTh
ZVHEEETIE, REFH DTdepend B £ U DTin-
dep &, DTlump L DFEEEIPKELL ZoTWVBH T
ENGRD. FRC, ERF—FhicEoKBEhrw
Med (HMBUEED 1 B © 11 BFol, 8
%Fi: DTdepend $ £ U° DTindep Tit, #h£h 4
REh, SRETELKEETHI LI TEL., —4,
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#6 FHT— ¥ 4%\ Concept D IR
Table 6 Accuracy for Concepts which have few training
data.

R —5 | FlT— 5 F—=7 7 AMNEBER (%)
hDHRE 1% DTdepend DTindep DTlump
1 Bk 11 36.4 27.3 0.0
10 [FRE 61 50.8 47.5 31.1

100 [l 262 72.5 69.5 63.4

DTlump B HFEF— ¥ CHBRT 2 HEE~NEESTHE
FTAHFETH L0, ) LizRAOHEEERHET
HZLiITERY. TOEIRAN—AT— 5 ORE
i, FEF—FEEPTILTORESHHFTED D
DD, NFIZLBERY Vo5 a A &L, £
7z, BEF AAVICBWORETREL EFET — 7 B
WRADGH B L2, AFEOFNESHREN S,

)iz, HESRBEOFDEIIOVWTERET S, &
EARMCHESRBRE L FoEHNE, X3-2
7 — % ERDEEA S concept AL & L REAILE
WT, A4 DRERIZHD concept DFEH % B ABRF)
AaErZbithol. —F, £bOERPLIE, R
%F#: DTdepend D IE##K 84.0%13, DTindep NIE
K 82.0%% LAEI-7-b00, BRTL LI KER
BEHNLEIRON R, o7,

L2L, MPFEOEREREBEL TAhH L, LE
F DTindep {2 BT, B D Concept 25#FI A6
DEFARINEFLLTHTOATVEHAIE R
bhiz. ®T LRI, =77 A CHREBEHICE
WERE 2o RERERT. 29 L-EEESI,
4 ® concept DAEAIEL S oM olind
IZEL 5.

72k 21, concept DRLERY % & b 7% O HEER
FEROBIE LT, FEE “the singles I mean they have
a king size bed” H¥HIF b 5. Z DOIEMHE Concept i
“features 4+ room” TH 5. TDOHEFFICHL, DTin-
dep 134 concept DEEEZ LT L9 1cHfEEL THY,
1E% concept TH % “features” ICEFR Y 2 EL TV
2. LZADHAAEBEL Y “room” & BMTHWV2
ZERFESATuRWD, EEFOTRTO X +
room” DA+ (“availability + room”, “location
+ room”, “price + room”, etc.) DS 1 ALEHEL
LTHIFohTwn.

e “room” = 1.0

o FODHD concpet = 0.0

F7-3DB L LT, concept DIFEAERN % L% )
BEBBEREROBI % 5T 5. 355 “doubles are fifty
dollars a night” @ I1Ef& Concept I3 “price + room”

Apr. 1999

£T BEBEHLIEBBER (X—7)
Table 7 Number of utterances correctly identified in
multiple candidates.

DTdepend DTindep DTlump
BREROERRER 15 36 5 .
BB ERE (%) 81.0 74.7 76.6

TH5H. ZOREEHL, DTindep i £ concept DI
EEUTOXLHICHEZEL TEY, concept “features”
DFABRY FEL T, 20720, HAEEEL TR
“price + room” & “features + room” DS 1 L&
WL ThFohTwi,

e “price”, “room”, “features” = 1.0
o FDD concpet = 0.0

WFIZ B8V T DTindep DS H#EE % 3o /2 “features(+
room)” [ (ERBD) $#] 1X, “price + room” [#HED
B | % “availability + room” [#REDFIF TR |
Lo 2R L KED B> TV A 720, “features”
BMCcoR2y /bR L Bbh b, —7F, #
RF 5 DTdepend Ti, HHIVTIIIHL TH TN
T concept ¥ IEL CHEEL THY, ¥R, EROH
BEDHRE IMBEHEL THIF TV, Zhid, #BE
FHEHIMO concept &L DAL )T HETED
LEZLND.

# 8 12, concept B TOHEERZLRL 7. DTin-
dep TR0 A3 - 7= concept 31 D H H, #1/3
2H7:5 11 BELCBWTREFERCLHYENFRDL
h, 7o, REFHETEL % o7 concept iZ% Do 7.
£ 7 TBRICIE, BEERHICE 2 EMERIL 2 B
#RL7:. REFE DTdepend TidAbFHE L LEL
T, RESHENBMLLTWEZ DD 5.

5.4 BAEFNCLBLHBER

FERFHEL LT, 3.1 HTHALALZEREET VY
RV, EBERET-72. FREETVITVTRS
DAY concept IZHIHEL TW5BH, FRENDEF IV
iX, concept IZXIET AEHOKREL, VWTRD con-
cept IZDHIEL B Vn—fEM R B M T 2 REEH
5. TROREBORDHERL, EFVETEESR
5. EBRF—713, K4 LEURIAELIT- - BER
ik A, REETVOMBMEICIE, BORE, &
BHEE, LMot 52, EM7TATYXAT
BT — 7 2T 5 RESIRT 5 £ T, 10 B0
BLEBETo72. '

Dk EDRAETIVIZ L S Concept EFFIL, 7
T—XF 91.5%, +—7 > 765%Tho7:. ZOEIX
REFHEOEMRE (K5 70— XF 99.6%, +—7~
84.0%) % THE%. 42, 70—XFFAMIBVT
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%8 concept HMTALHEEEADYE
Table 8 Improvement of errors for each concept.

concept IR HER (%) concept FHHEERE gER (%)
DTdepend = DTindep DTdepend DTindep
features 0.058 0.091 36.3 | preference 0.020 0.020 0.0
null 0.048 0.057 15.3 numeral 0.016 0.018 11.1
temporal 0.045 0.053 15.2 room 0.018 0.018 0.0
reservation 0.024 0.034 28.4 party 0.014 0.015 6.7
price 0.024 0.032 25.0 N ces AN ...
availability 0.030 0.030 0.0 & 0.009 0.011 15.1

concept & DTindep DHERERANKEWIFIC 20 E FKRL 7.

SHEBOBEENFKREL BoTWAI LH D, HEEH
OFEEMLZRET HRETF VT, %5 (SDU)
D& HRBBE VBRSSO Concept il % 2F
TERPoTZDTREVIPEEILNS.

6. &t ¥ U

BARREFES S WHSEOERZERFRNEERT
5720, BICRFOBMEE R L LIRFEITo 7.
BEOBSIEHOEHOMAETER SN S, Zo#
AR T T IA ) BREVFEL, The  #ER
DL LT, BOMICHEHRKFEORKEzELZ L
HHL T & EBR, CROSEHEOMERFEOMRE
23l , MESREEL R ORERBOBHINEFEAT
2ED, BEOBSTBRECHET 2 HREREL
72, 7, EEMNEO - SARBAWSERTIR, £F
RIS T 2 Rk HBL T 11%DR ) BERDS
Boh:. 5%, PRISEOMOEETH S, Speech
act ® Argument DM LR T LELENH L. T/,
AEREWRL, TEZE~NOBH T RETT 2 LEH
H5.

B AHEOBREEELTLE &0, ATRERS
BB IR —HRICER#HT 5. /o, Kuf
TR DD o THIEME 2 W2/, ATR
EEBRBEMERSE 1 RSO H 4 ICKH#T 5.
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